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1
PHOTOCOUPLER AND LIGHT EMITTING
ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-188859,
filed on Sep. 11, 2013; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a pho-
tocoupler and a semiconductor light emitting element.

BACKGROUND

A photocoupler including a photorelay can convert an
input electrical signal into an optical signal using a light
emitting element, receive light using a light receiving ele-
ment, and then output an electrical signal. Hence, the photo-
coupler can transmit an electrical signal in a state where the
input side and the output side are insulated from each other.

In equipment such as industrial equipment, office equip-
ment, and household electrical equipment, in many cases
different power supply systems such as a DC voltage system,
an AC power supply system, a telephone line system, and a
control system are arranged in one device. However, if dif-
ferent power supply systems and circuit systems are directly
connected, an operational malfunction may occur.

It the photocoupler is used, insulation is provided between
different power sources and therefore the operational mal-
function can be suppressed.

For example, a large number of photocouplers, including
those for AC loads, are used in inverter air conditioners etc. In
the case of being used for signal switching for L.SI tester uses,
a very large number of photocouplers are mounted. In such a
case, downsizing is strongly required from the necessity to
reduce the area of mounting onto a substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram showing the configura-
tion of a photocoupler according to a first embodiment of the
invention;

FIG. 2 is a configuration diagram of an application
example of the photocoupler according to a comparative
example;

FIGS. 3A to 3E are schematic cross-sectional views of
uppet/lower electrode-type light emitting elements in which a
resistance is incorporated;

FIG. 4A and FIG. 4B are schematic cross-sectional views
of light emitting elements of an upper two electrode type,

FIG. 5A is a schematic perspective view of a photocoupler
according to a second embodiment, FIG. 5B is a schematic
cross-sectional view taken along line A-A, and FIG. 5C is a
schematic bottom view of an input terminal of a modification
example of the second embodiment; and

FIG. 6 is a configuration diagram of a photocoupler accord-
ing to the second embodiment.

DETAILED DESCRIPTION

According to one embodiment, a photocoupler includes:
an input terminal; a light emitting unit; a light receiving unit
and an output terminal. An input electrical signal having a
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prescribed voltage is input into an input terminal. The light
emitting unit is connected to the input terminal, includes a
light emitting element configured to emit emission light, and
is configured to drive the light emitting element under a
constant voltage of the input electrical signal. The light
receiving unit includes a light receiving element configured to
receive the emission light and convert the emission light into
an electrical signal. The output terminal is insulated from the
input terminal and configured to output the electrical signal in
accordance with the input electrical signal.

Hereinbelow, embodiments of the invention are described
with reference to the drawings.

FIG. 1 is a configuration diagram showing the configura-
tion of an optical coupling device according to a first embodi-
ment of the invention.

The photocoupler includes an input terminal 10, a light
emitting unit 30, a light receiving unit including a light receiv-
ing element 41, and an output terminal 20.

An input electrical signal having a prescribed voltage is
inputted to the input terminal 10. The light emitting unit 30 is
provided between a first input lead 11 and a second input lead
12 of the input terminal 10, includes a light emitting element
31 that emits emission light [ of near infrared wavelengths
(700 to 1100 nm) or the like, and voltage-drives the light
emitting element 31 by means of the input electrical signal.
The light emitting element 31 may be an LED (light emitting
diode) or the like. The wavelength of the emission light is not
limited to near infrared light.

The light receiving element 41 is provided between a first
output lead 21 and a second output lead 22 of the output
terminal 20, and receives the emission light L and converts it
into an electrical signal. The light receiving element 41 may
be a photodiode, a phototransistor, a phototriac, or the like.
The output terminal 20 is insulated from the input terminal
10, and outputs an electrical signal corresponding to the input
electrical signal.

The power supply voltage Vce of an MCU (micro-control-
ler unit) 90 that drives the photocoupleris 3.3, 5, 12,0r 24V,
or the like, for example. In the first embodiment, the light
emitting unit 30 ofthe photocoupler has a resistance R. There-
fore, the prescribed power supply voltage of the MCU 90 can
be constant and directly applied to the input terminal 10 of the
photocoupler. As the result, the light emitting element 31 can
be driven under the constant voltage. The power supply volt-
age Vce of the MCU 90 is 12 V and the trigger current of the
photocoupler is 20 mA, for example. Ifthe forward voltage of
the light emitting element 31 is set to 2 V, the value of the
resistance R may be set to substantially S00Q.

FIG. 2 is a configuration diagram of an application
example of the photocoupler according to a comparative
example.

A light emitting element 132 is connected in series to an
external resistance 134 via a lead 112. When the output volt-
age of an MCU 190 is set to 12 V and the value of the external
resistance 134 is set to 1.3 kQ, the light emitting element 132
can be driven with a forward current IF of 8§ mA through a lead
111 and the lead 112, for example. In this case, an intercon-
nection unit is needed on a circuit board, and the resistance R
is attached by soldering or the like.

A light receiving element 142 is assumed to be a phototriac
142. In the comparative example, a load 180 and a power
source 182 are connected to an output terminal 120. A gear
motor or the like may be used as the load 180, for example. An
AC power source or the like may be used as the power source
182. By such a configuration, the output terminal 120 can
switch an AC signal to ON or OFF in accordance with the
input electrical signal.
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However, in communication electronic equipment, indus-
trial electronic equipment, and the like, it is required to
arrange a large number of photocouplers at high density.
Thus, there is a problem that when external add-on compo-
nents are present, the mounting processes are increased and
the electronic equipment has a large size.

In contrast, according to the present embodiment, since the
light emitting unit 30 can be driven by using constant voltage,
no external resistance is needed outside the photocoupler.
Hence, the photocoupler can be direct driven by the power
supply voltage Vee of the MCU 90, and the electronic equip-
ment can be downsized. Furthermore, since the light emitting
element 31 is driven by the constant voltage, the thermal
properties and long term reliability can be improved.

FIGS. 3A to 3E are schematic cross-sectional views of
uppet/lower electrode-type light emitting elements in which a
resistance is incorporated.

In the light emitting unit 30 of the photocoupler of the first
embodiment, the resistance R may be provided in the light
emitting element 31. The light emitting element 31 includes a
substrate 32 and a semiconductor stacked body 34. In the
structure shown in FIGS. 3A to 3E, the substrate 32 having
electrical conductivity and the semiconductor stacked body
34 are bonded via a bonding metal layer 33. The substrate 32
is Si, GaAs, or the like, for example. The semiconductor
stacked body 34 includes a light emitting layer 34a, and may
be AlGaAs, InAlGaP, or the like, for example. The two layers
sandwiching the light emitting layer 34a have conductivity
types opposite to each other.

A first electrode 37 is provided on the upper surface of the
semiconductor stacked body 34, and a second electrode 36 is
provided on the back surface of the substrate 32; and the
current path is mainly in the vertical direction. The emission
light L is emitted mainly from regions outside the first elec-
trode 37 to the upper side.

In the example shown in FIG. 3A, a first current blocking
layer 35 is an insulating layer such as a silicon oxide film. A
resistance layer HR is provided on the second electrode 36
side of the substrate 32. Carriers flow along the dotted lines.
Thus, the resistance layer HR is connected in series to the p-n
junction of the light emitting element 31. The value of the
resistance R is determined from the thickness of the resis-
tance layer HR, the effective area (subtracting the effective
area of the current blocking layer from the cross-sectional
area of the resistance layer), and the resistivity p of the resis-
tance layer HR.

Table 1 shows the dependence of the operating current on
the thickness T ofthe resistance layer when the power supply
voltage Vec is 3.3V and 5 V. The resistivity p depends on the
semiconductor material and the conductivity type, as shown
in Table 1.
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resistivity p of the resistance layer HR is set to 10 Q-cm. At
this time, the drive current is 43 mA when the thickness T of
the resistance layer HR=5 um; the drive current is 22 mA
when the thickness T of the resistance layer HR=50 um; the
drive current is 10 mA when the thickness T of the resistance
layer HR=150 um; etc. Thus, the necessary resistance value is
determined in accordance with the power supply voltage Vee
and the drive current of the light emitting element 31. The
thickness T and the resistivity of the resistance layer HR can
be determined in accordance with the resistance value.

In the example shown in FIG. 3B, the resistance layer HR
is provided on the side of the semiconductor stacked body 34.
In the specific example shown in FIG. 3C, the resistance layer
HR is formed over almost the entire thickness of the substrate
32. In the example shown in FIG. 3D, a second current block-
ing layer 3556 provided with a silicon oxide film having an
opening or the like is provided between the bonding metal
layer 33 and the substrate 32. As shown in FIG. 3E, the second
current blocking layer 355 is provided between the substrate
32 and the second electrode 36. Although the resistivity of the
substrate 32 may be substantially uniform in FIGS. 3D and
3E, the resistance value is increased by narrowing the current
path by means of the second current blocking layer 355.

FIG. 4A and FIG. 4B are schematic cross-sectional views
of light emitting elements of an upper two electrode type.

In the example shown in FIG. 4A, the semiconductor
stacked body 34 includes the resistance layer HR on the
substrate 32 side. The second electrode 36 is provided on the
bonding metal layer 33. The substrate 32 may be insulating or
semi-insulating. In the example shown in FIG. 4B, the second
electrode 36 is provided directly on the surface of the sub-
strate 32.

FIG. 5A is a schematic perspective view of a photocoupler
according to a second embodiment, FIG. 5B is a schematic
cross-sectional view taken along line A-A, and FIG. 5C is a
schematic bottom view of an input terminal of a modification
example of the second embodiment.

FIG. 61is a configuration diagram of a photocoupler accord-
ing to the second embodiment.

The photocoupler includes the input terminal 10, a die pad
unit 23, the light emitting unit 30, a light receiving unit 40,
MOSFETs 52 and 53, and the output terminal 20.

FIG. 5B is a schematic cross-sectional view that includes
line A-A of the surfaces of the input first lead 11 and the
output first lead 21 and is in a plane perpendicular to these
surfaces. As shown in FIGS. 5A and 5B, the input terminal 10
includes the first input lead 11 and the second input lead 12.
Aninputelectrical signal having a prescribed voltage is input-
ted to the input terminal 10. When a first Ag layer 61 is
provided on the surface of the lead frame on the input terminal
10 side, the light extraction efficiency can be enhanced.

TABLE 1

Vee Operating current (mA) P GaAs Si

(V) 150pm  50pm  5pm  (Q-cm) p-type ntype p-type n-type
33 6.9 14.3 28.1 10 2E+15 1E+14 1.3E+15 4.4E+15
5 10 22 43 10

33 — 5 20 50 5E+14 2E+15 2.6E+14 8.7E+13
5 — 7 30 50

33 — — 14.3 100 2E+14 1E+13 1.3E+14 4.3E+13
5 — — 21.7 100

For the light emitting element 31, the operating current is
substantially 20 mA when the forward voltage is 2 V, for
example. The power supply voltage Vcc is setto 5V, and the

65

The light emitting element 31 is bonded to the first input
lead 11 of the input terminal 10. The back surface of the light
emitting element 31 is electrically connected to the first input
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lead 11, for example. The electrode of the upper surface of the
light emitting element 31 is connected to the second input
lead 12 by a bonding wire or the like. The light emitting
element 31 includes a substrate and a semiconductor stacked
body provided on the substrate, and emits emission light of
near infrared wavelengths. The light emitting element 31 has
a structure like those shown in FIGS. 3A to 3E or FIGS. 4A
and 4B, and is voltage-driven by the resistance layer HR
provided in the substrate 32 or in the semiconductor stacked
body 34.

The light receiving unit 40 includes the light receiving
element 41 bonded to the die pad unit 23 so as to oppose the
light emitting element 31. The light receiving unit 40 may
further include a control unit 42. The light receiving element
41 has a p-n junction, and receives the emission light of the
light emitting element 31 to generate photovoltaic power. The
light receiving element 41 may be a photodiode array, for
example. Although the drawings show an opposed-type struc-
ture in which a resin and lead frames are integrally molded,
also areflection-type structure, a substrate-type structure, etc.
in which a resin and lead frames are integrally molded are
possible.

The two MOSFETs 52 and 53 are connected in a common-
source connection. The photovoltaic power generated in the
light receiving element 41 is supplied between the gate G and
the source S of the MOSFET 52 and between the gate G and
the source S of the MOSFET 53. In the case where the two
MOSFETs 52 and 53 are configured to be, for example, an
enhancement type, when the optical signal is ON, electricity
is conducted between the output first lead 21 and the output
second lead 22.

When a depletion type is employed, ON and OFF can be
reversed. In both structures, the two MOSFETs 52 and 53 are
configured to be of the same polarity. The MOSFET 52 has a
parasitic diode 526. The MOSFET 53 has a parasitic diode
535.

The output terminal 20 is insulated from the input terminal
10, is connected to the drains D of the two MOSFETs 52 and
53, and outputs an electrical signal in accordance with the
input electrical signal. When the optical signal is OFF, elec-
tricity is not conducted between the output first lead 21 and
the output second lead 22. That is, the output side is switched
to ON or OFF in accordance with the input electrical signal.
When the output side of the photocoupler is ON, a current can
be supplied from the power source to the load when the
voltage of the power source is either plus or minus. However,
the current direction is opposite. The output terminal 20 and
the die pad unit 23 are usually connected together when they
are in the lead frame state. When a second Ag layer 60 is
provided on the surface of the lead frame, the light extraction
efficiency can be enhanced. The output terminal 20 and the
die pad unit 23 to which the light emitting element 31 is
bonded are separated by the lead cut process after resin mold-
ing.

In the case of DC load control, the number of MOSFETs
may be one.

One end of the input terminal 10, one end of the output
terminal 20, the light emitting unit 30, the light receiving unit
40, and the MOSFETs 52 and 53 are sealed with a sealing
resin layer 50.

Such an photocoupler can be called a photorelay, and has a
switching function similarly to a mechanical relay. A photo-
relay with a small size and high switching speed is used
particularly for testers for LSIs, communication electronic
equipment, amusement equipment, etc. In this case, it is
required to arrange 1000 or more photorelays at high density.
If it is attempted to make constant-voltage driving by provid-
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6

ing an external resistance on a circuit substrate, it is necessary
to provide an interconnection unit for attachment on the cir-
cuit substrate, and there are limitations to the downsizing of
the equipment. In contrast, by incorporating a resistance into
the light emitting unit 30 of the photorelay, the downsizing of
the electronic equipment is enabled.

FIG. 5C shows the case where the light emitting unit 30
includes the light emitting element 31 and the resistance R in
the photocoupler of the second embodiment.

FIG. 5C is a schematic bottom view in which the light
emitting element 31 side is viewed from the light receiving
element 41 in FIG. 5B. A die pad unit 13 for resistance
attachment is further provided, and the resistance R is
attached to the die pad unit 13. One electrode of the resistance
R is connected to the light emitting element 31, and the other
electrode of the resistance R is connected to the second input
lead 12. Also by such a configuration, the downsizing of the
electronic equipment is enabled.

The first and second embodiments provide an photocou-
pler and a light emitting element in which a resistance for
voltage driving is not needed and it is easy to make high
density mounting on a circuit substrate. Electronic equipment
in which 1000 or more photocouplers, for example, of the
embodiment are mounded at high density on a circuit sub-
strate can be downsized easily.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.

What is claimed is:

1. A photocoupler comprising:

an input terminal to which an input electrical signal having
a prescribed voltage is input;

a light emitting unit connected to the input terminal,
including a light emitting element configured to emit
emission light, the light emitting unit being formed on a
substrate;

a light receiving unit including a light receiving element
configured to receive the emission light and convert the
emission light into an electrical signal; and

an output terminal insulated from the input terminal and
configured to output the electrical signal in accordance
with the input electrical signal,

wherein

the light emitting unit comprises a bonding layer between
the substrate and the light emitting element, the light
emitting element comprising a light emitting layer
formed between layers having opposite conductivity
and the bonding layer is a metal layer, and

a resistance layer is provided in the substrate so that a part
of the substrate comprises the resistance layer, such that
a constant voltage of the input electrical signal drives the
light emitting element, wherein the resistance layer
comprises a semiconductor material and has a resistivity
between 10 €2-cm and 100 €2-cm.

2. The photocoupler according to claim 1, wherein the light
emitting unit further includes a resistance connected in series
to the light emitting element.

3. The photocoupler according to claim 1, further compris-
ing:
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a MOSFET having a gate, the electrical signal from the
light receiving unit being input to the gate.

4. The photocoupler according to claim 1, wherein the light
receiving element is one of a photodiode, a photodiode array,
a phototransistor, and a phototriac.

5. The photocoupler according to claim 1, wherein the
resistance layer is adjacent to the bonding layer.

6. The photocoupler according to claim 1, wherein the
resistance layer has a thickness between 5 pm and 150 pm.

7. The photocoupler according to claim 1, wherein the
resistance layer and the substrate comprise the same semi-
conductor material.

8. A photocoupler comprising:

an input terminal to which an input electric signal having a
prescribed voltage is input;

a light emitting unit connected to the input terminal,
including a light emitting element configured to emit
emission light, the light emitting element being formed
on a substrate;

a light receiving unit including a light receiving element
having a p-n junction and configured to receive the emis-
sion light and generate photovoltaic power;

two MOSFETs connected in a common-source connection
and including gates and drains, the photovoltaic power
form the light receiving unit being input into each gate;
and

an output terminal insulated from the input terminal, con-
nected to each drain, and configured to output an elec-
trical signal in accordance with the input electrical sig-
nal,

wherein

the light emitting element comprises a bonding layer
between the substrate and the light emitting element, the
light emitting element comprising a light emitting layer
formed between layers having opposite conductivity
and the bonding layer is a metal layer, and

a resistance layer is provided in the substrate so that a part
of the substrate comprises the resistance layer, such that
a constant voltage of the input electrical signal drives the
light emitting element, wherein the resistance layer
comprises a semiconductor material and has a resistivity
between 10 €2-cm and 100 Q-cm.
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9. The photocoupler according to claim 8, wherein the light
receiving element is one of a photodiode, a photodiode array,
a phototransistor, and a phototriac.

10. The photocoupler according to claim 8, wherein the
resistance layer is adjacent to the bonding layer.

11. The photocoupler according to claim 8, wherein the
resistance layer has a thickness between 5 pm and 150 pm.

12. The photocoupler according to claim 8, wherein the
resistance layer and the substrate comprise the same semi-
conductor material.

13. A light emitting element unit comprising;

a substrate;

a light emitting element being formed on the substrate; and

a bonding layer between the substrate and the light emit-
ting element, wherein

the light emitting element comprises a light emitting layer
formed between layers having opposite conductivity
and the bonding layer is a metal layer, and

a resistance layer is provided in the substrate so that a part
of the substrate comprises the resistance layer, such that
a constant voltage of the input electrical signal drives the
light emitting element, wherein the resistance layer
comprises a semiconductor material and has a resistivity
between 10 €2-cm and 100 €2-cm.

14. The unit according to claim 13, wherein the resistance
layer is provided over an entire thickness direction of the
substrate.

15. The unit according to claim 13, wherein the resistance
layer is provided in a prescribed region in a thickness direc-
tion of the substrate.

16. The unit according to claim 13, further comprising:

a current blocking layer of an insulating film provided with
an opening and provided in the substrate or in the semi-
conductor stacked body.

17. The photocoupler according to claim 13, wherein the

resistance layer is adjacent to the bonding layer.

18. The unit according to claim 13, wherein the resistance
layer has a thickness between 5 um and 150 pm.

19. The unit according to claim 13, wherein the resistance
layer and the substrate comprise the same semiconductor
material.



